Novel tetra-and penta-nuclear barium aluminium isopropoxides, BaAl3(OPr')i 1 and Ba2Al3(OPr i )i3, have been synthesized for the first time by the reactions (1:3 and 2:3) of barium metal and aluminium isopropoxide in isopropyl alcohol under refluxing conditions.
Introduction
A large number of heterometallic alkoxides of different elements in the periodic table have been described during the last three decades from our laboratories [1] [2] [3] [4] [5] . In a few cases like those of potassium isopropoxoaluminate evidence was adduced for the formation of more than one unique species [1] 
such as Κ[ΑΙ(ΟΡΗ)4] and Κ3[Αΐ2(ΟΡΗ)9],
In a large number of derivatives with the basic composition M[AI(OPr*)4]2 (M = Be, Mg, Ca, Sr, Ba, Zn, Cd, Sn(ll), etc.), the bidentate chelating character of {AI(OPr')4}" groups described by Mehrotra and co-workers [4, 5] Synthesis,reactions, and characterization of two novel classes of heterobimetallic alkoxides of barium and aluminium are reported in this paper. The present study assumes special significance in view of barium being a key constituent in many mixed metal oxide based superconducting materials [9] [10] [11] ,
Materials and Methods
All preparations were carried out underrigorous moisture-free atmosphere. Benzene (BDH), isopropyl alcohol (BDH), t-butyl alcohol (BDH), t-amyl alcohol (BDH), and triethyl carbinol (Fluka) were dried and purified by the methods described in our recent publications [12, 13] Barium metal (1.98g, 0.014 mole) and ΑΙ(ΟΡγ·)3 (4.42g, 0.021 mole) were refluxed in isopropyl alcohol (~60 ml) for 18 hr, and filtered to remove suspended materials.
Volatiles were removed under reduced pressure from the filtrate to afford a colourless solid powder (7.88g, 85%). The product was recrystallized from toluene at -20°C (yield: 85% Table II .
(c) Reactions of BaA^iOP^n and Ba 2 Ah(OP' i )i3 with tertiary alcohols
Due to similarity in the reaction procedures, only one alcoholysis reaction is described in detail, while analytical data are collected in Table I .
To a benzene (~75 ml) solution of 1 or 2 was added a tertiary alcohol (in excess) and the reaction mixture was refluxed (equation (5)- (8)) for an appropriate period depending upon the nature of the alcohol used. The liberated isopropyl alcohol was continuosly fractionated and estimated periodically to monitor the progress of the reaction. When the azeotrope showed only negligible presence of oxidizable alcohol, the reaction was stopped. Removal of the volatiles under reduced pressure yielded colourless solid or a viscous product quantitatively, which was recrystallized from toluene at -20°C to afford colourless (solid or viscous) products (4-9) in -90% yield.
Results and Discussion
The reactions of Ba with AI(OPH)3 in 1:3 and 2:3 molar ratios in refluxing isopropyl alcohol afford interesting colourless products 1 and 2 according to the following 'Yield referes to reciystallized product from hexane or toluene.
The 1 H NMR spectrum of the product 1 shows a doublet (δ 1.27(J = 6.0 Hz; 66H; CH Me 2 )) and a septet (δ 4.18(J = 6.0 Hz; 11H; CHMe 2 )) identical to the derivative prepared from the reaction (1) ( Table ΙΓ) .
By contrast, the product 3 isolated by stirring equimolar amounts of Β8{ΑΙ(ΟΡΗ)4} 2 and ΑΙ(ΟΡγ")3 in benzene at room temperature (equation (4) CHMe 2 ) and δ 4.20 (sept, J = 6.0 Hz; 11H; CHMe 2 ). The product 1 isolated after refluxing BaiAKOPr^h and AKOPr^Tn benzene (equation (3)) showed a similar pattern of 1 H spectrum. Interestingly the product 3 isolated after stirring an equimolar ratio of Ba{AI(OPH)4}2 and ΑΙ(ΟΡΓ")3 in benzene at room temperature followed by removal of the solvent under vacuo shows three doublets at δ 1.17, 1.33, 1.55 due to gem-dimethyl protons and two septets at δ 4.14 and δ 4.61 due to methine protons. An inspection of 1 H NMR spectra of BaiAKOPr^h [16] , ΑΙ(ΟΡΗ) 3 [17] , and YbAlatOPr^·, [18] Derivatives 4 to 9 exhibit 1 H NMR signals characteristic of mixed isopropoxo-tertbutoxo/ isopropoxo-tert-amyloxo/ isopropoxo-triethyl carboxo systems (Table II) [1], 13 C NMR spectra of ΒβΑΙ^ΟΡΗ)·,·! and Ba^^ORr 1 )-^ exhibit two peaks for ß-carbons and two for α-carbons (Table II) . 13 C NMR spectral data (Table II) for the mixed derivatives 4 to 9 are consistent with the type of groups attached to both the aluminium and barium centers.
Derivatives ΒβΑ^ΟΡι^ιι and Β3 2 Αΐ3(ΟΡΗ)ΐ3 show one 27 AI NMR signal at δ 67.66 and δ 65.00, respectively indicating tetra-coordination for all the aluminium atoms.
Tetrahedral environment around aluminium has also been observed in the products 4-9 obtained by alcoholysis reactions (cf., 27 AI NMR data : Table Π) .
Infrared spectra of the new derivatives 1-9 exhibit structurally important absorptions in the regions (cm" In the absence of X-ray characterization of these novel derivatives, it is difficult to propose a definitive structure for 1 and 2. However, the available IR, NMR ( 1 H, 13 C and 27 AI) and molecular weight data along with structural information for LnAl3 (ΟΡΗ)·π (Ln = Sm (II), Yb (II)) [18] tend to favour structure (A) for 1, although other possibilities suggested [24] for the corresponding MAI 3 Cln (where Μ is a bivalent metal) derivatives can not be ruled out: 
